A simple synthesis of dimethyl 2-[(Z)-3-amino-1-oxo-1-(substituted)but-2-en-2-yl]fumarates: potential intermediates in the synthesis of polysubstituted five-and six-membered heterocycles DOI 10.1515/znb-2016-0017 Received January 15, 2016 accepted February 2, 2016 Abstract: In this communication, a simple synthesis of dimethyl 2-[(Z)-3-amino-1-oxo-1-(substituted)but-2-en-2-yl] fumarates is described. Methyl ketones were transformed by treatment with N,N-dimethylacetamide dimethyl acetal (DMADMA) into 3-dimethylamino-1-(substituted)but-2-en-1-ones, followed by treatment with ammonium acetate into (Z)-3-amino-1-(substituted)but-2-en-1-ones and addition to dimethyl acetylenedicarboxylate. These novel polysubstituted butadienes are potential intermediates for the metal-free preparation of polysubstituted five-and six-membered heterocycles.
Introduction
3-Dimethylaminopropenoates and related enaminones have been demonstrated to exhibit a broad applicability in heterocyclic synthesis [1] [2] [3] [4] [5] , including the preparation of natural products and their analogues, such as aplysinopsins [6, 7] , meridianines [8, 9] , and dipodazines [10] [11] [12] .
Recently, polysubstituted butadienes have been prepared by microwave-assisted [2+2] cycloadditions of enaminones to electron-poor acetylenes [13, 14] .
Polysubstituted aminobutadienes prepared by this procedure are suitable for the preparation of polysubstituted pyridine derivatives. They also represent a group of isomeric intermediates in regard to the aminobutadienes prepared via Michael addition in the Bohlmann-Rahtz synthesis of pyridine derivatives [15, 16] . On this basis, a simple metal-free synthesis of 2-alkyl-, 2-cycloalkyl-, 2-aryl-, and 2-heteroaryl-substituted pyridine-3,4-dicarboxylates and their N-oxides has been developed [17] .
The electron-poor propyne iminium triflates, prepared from 3-trifloxypropene iminium triflates by elimination of triflic acid, underwent [2+2] and [2+4] cycloadditions with enamines [18] . Their reactivity toward imines has been also reported [19, 20] . Recently, we reported on a simple one-pot metal-free synthesis of 2,4,5-trisubstituted pyridine derivatives and their N-oxides by [2+2] cycloaddition of propyne iminium salts as electron-poor acetylenes to enaminones as an extension of the research recently developed in our laboratory [21] . We also recently reported on a simple, metal-free synthesis of polysubstituted benzene derivatives, where N,N-dimethylacetamide dimethyl acetal (DMADMA) served as the reagent and building block for generating aromatic final products [22] .
We have reported on another application of the enaminone system in the synthesis of heterocyclic compounds. We have expanded the DMADMA methodology on aryl-and (hetero)aryl-enaminone systems, as well as on aromatic and heteroaromatic carboxamides, to prepare N,N,6-trimethyl-4-(substituted)pyridin-2-amines and N 2 ,N 2 ,N 4 ,N 4 -tetramethyl-6-(substituted) pyridine-2,4-diamines as the final products [23] .
Results and discussion
It has been reported that enaminones 2, which are easily prepared from methyl ketones 1 using amide acetals, such as N,N-dimethylformamide dimethyl acetal (DMFDMA), undergo self-condensation in the presence of ammonium acetate affording 2,5-disubstituted pyridine derivatives [24, 25] . Meanwhile, when using DMADMA, the enaminone products of the condensation reaction do not undergo self-condensation in acidic media. Therefore, the dimethylamino group can be readily replaced with the amino group, using ammonium acetate as an active form of ammonia [26] . It is known that the methyl group attached to the enaminone system is acidic and is capable of participating in condensation reactions [22, 27] .
Ketones 1a-i were transformed with DMADMA into enaminones 2a-i, which were treated with ammonium acetate to substitute the N,N-dimethylamino group with an amino group to give (Z)-3-amino-1-(substituted)but-2-en-1-ones 3a-i as was reported earlier [23] . Enaminones 2a-i did not react in [2+2] cycloaddition reaction with acetylenedicarboxylate either under normal thermal conditions or under microwave irradiation. The enaminones 3a-i reacted with dimethyl acetylenedicarboxylate by heating in acetonitrile at reflux temperature for 2.5-4.5 h or by microwave irradiation for 20-30 min. The [2-(Z)-3-amino-1-oxo-1-(substituted)but-2-en-2yl]fumarates 4a-i, a new type of polysubstituted butadienes, were formed in 30%-65% yields (Scheme 1). The formation of these polysubstituted butadienes is not a result of [2+2]cycloaddition according to the sequence A → B → C as shown on Scheme 2 reported earlier for a series of enaminones without a methyl group at position 3 [28] . They are formed according to the reaction sequence D → E → F. 
Structure determination
The structures of new compounds were determined on the basis of 1 H and 13 C NMR, IR, HRMS spectra, and microanalyses for C, H, and N. The structures of compounds 4a and 4e were confirmed by X-ray crystal structure determinations ( Figs. 1 and 2 ).
Conclusion
In conclusion, we have described a simple synthesis of but-2-en-1-ones. This novel polysubstituted butadienes are potential intermediates for the metal-free preparation of polysubstituted five-and six-membered heterocycles.
Experimental section
Melting points were determined on a Stanford Research Systems MPA100 OptiMelt automated melting point system. The NMR spectra were obtained on a Bruker Avance DPX 300 at 300 4 Si as the internal standard, as solvents. Mass spectra were recorded on an Agilent 6224 Accurate Mass TOF LC/MS spectrometer, IR spectra on a Perkin Elmer Spectrum BX FTIR spectrophotometer. Microanalyses were performed on a Perkin-Elmer CHN Analyzer 2400 II. Column chromatography (CC) was performed on silica gel (silica gel 60, particle size 35-70 μm; Fluka). Compounds 2z-i and 3a-i were prepared according to the procedure described in the literature [23] .
General procedure for the preparation of dimethyl 2-[(Z)-3-amino-1-oxo-1-(substituted)but-2-en-2-yl]fumarates 4a-i
A solution of 3-amino-1-(substituted)but-2-en-1-ones (3a-i, 1 mmol) and dimethyl acetylenedicarboxylate (2 mmol) in acetonitrile (2 mL) was placed in a microwave tube equipped with a magnetic stirring bar. The reaction mixture was then heated via microwave irradiation (300 W) in a closed vessel at an automatically controlled constant temperature (CEM Corporation Discover microwave unit). The reaction temperatures were between 100°C and 110°C, and the reaction times were 20-30 min. After the completion of the reaction, the volatile components were evaporated in vacuo and the product was washed with diethyl ether or purified by column chromatography ethyl acetate/petroleum ether 1:2.
The following compounds were prepared in this manner. 2-[(Z)-3-amino-1-oxo-1-(p-tolyl) 3-amino-1-oxo-1-(4-bromophenyl) but-2-en-2-yl]fumarate (4c) 
Dimethyl 2-[(Z)-3-amino-1-oxo-1-phenylbut-2-en-2-yl]fumarate (4a)
(
Dimethyl

Dimethyl 2-[(Z)-
Dimethyl 2-[(Z)-3-amino-1-oxo-1-(4-chlorophenyl) but-2-en-2-yl]fumarate (4d)
Dimethyl 2-[(Z)-3-amino-1-oxo-1-(4-fluorophenyl) but-2-en-2-yl]fumarate (4e)
Prepared from 3e (90 mg, 0.5 mmol) and DMAD (142 mg, 1.0 mmol 
Dimethyl 2-[(Z)-3-amino-1-oxo-1-(4-methoxyphenyl)but-2-en-2-yl]fumarate (4f)
Prepared from 3f (600 mg, 3.14 mmol) and DMAD (1022 2-{(Z)-3-amino-1-oxo-1-[3-(trifluoromethyl) phenyl]but-2-en-2-yl}fumarate (4g)
Dimethyl
Prepared from 3g (573 mg, 2.5 mmol) and DMAD (710 mg, 5.0 mmol). Yield: 277 mg (30%) of a yellow precipitate; m.p. 130°C-132°C. 3-amino-1-oxo-1-(3-nitrophenyl) but-2-en-2-yl]fumarate (4h)
Dimethyl 2-[(Z)-
Prepared from 3h (103 mg, 0.5 mmol) and DMAD (142 mg, 1.0 mmol 3-amino-1-oxo-1-(1-pyrazin-2-yl 
Crystal structure determinations
Single crystal X-ray diffraction data of compounds 4a and 4e were collected at room temperature on an Agilent SuperNova diffractometer (Dual, Cu at zero, Atlas) using MoK α (λ = 0.71073 Å) radiation at ambient temperature. Data reduction and integration were performed with the software package Crysalis Pro [29] . Both structures were solved by direct methods with the program Sir97 [30, 31] . Full-matrix least-squares refinement on F 2 with anisotropic displacement parameters for all non-hydrogen atoms using Shelxl2013 [32, 33] was employed. All hydrogen atoms were initially located in the difference Fourier maps. Carbon-attached hydrogens were subsequently treated as riding atoms in geometrically idealized positions with bond lengths C-H of 0.96 Å for methyl and 0.93 Å for aromatic C-H bonds. The corresponding displacement parameters U iso (H) were 1.5 times higher than those of the carrier methyl carbons and 1.2 times higher than aromatic carbon atoms. The hydrogen atoms of the amino group were refined isotropically and without any restraints in 4e, whereas in 4a, both N-H bonds were restrained to 0.87(2) Å. In 4a, due to a more pronounced disorder of the terminal groups the phenyl carbon atoms (with exceptions of C6 attached to the rest of molecule) were restrained during refinement (EADP restraints). Similarly, EADP restraints were also used for C12 and C13. Figures depicting the structures were prepared with Ortep [34, 35] . . CCDC 1446156 and 1446157 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/ data_request/cif.
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